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4 The Journal of Thoracic and Cardiovbjectives: Oxidative damage can lead to a highly mutagenic 8-oxoguanine lesion,
hich mispairs with adenosine residues, leading to G:C¡T:A transversions. In
ammalian cells 8-oxoguanine glycosylase initiates the DNA base excision repair
athway to repair the 8-oxoguanine lesion. To date, there is no information regard-
ng oxidative DNA damage and repair pathways in esophageal cancer. Therefore we
esigned the current study to demonstrate the DNA damage and repair pathways in
sophageal cancer by expression of 8-oxoguanine glycosylase in reflux-induced and
utagen (methyl-n-amyl nitrosamine)-induced DNA damage and apoptosis in
sophageal tumors.
ethods: Gastroduodenal reflux was surgically created in male Sprague Dawley rats
n  120). Half of the animals received methyl-n-amyl nitrosamine. Animals not
ndergoing operations served as control animals (n  10). The experiment con-
luded 30 weeks postoperatively. Immunohistochemistry for 8-oxoguanine and
-oxoguanine glycosylase was assessed by 2 independent observers. Protein expres-
ion was assessed by using the Western blot method.
esults: There was significantly more DNA damage in both adenocarcinoma (n 
5) and squamous cell carcinoma (n 19), as exemplified by positive 8-oxoguanine
xpression compared with that seen in control animals (P  .05). 8-Oxoguanine
lycosylase was several folds upregulated in adenocarcinoma (P  .05), but there
as significantly decreased expression in squamous cell carcinoma (P  .01).
he apoptosis was assessed as caspase-dependent and caspase-independent path-
ays, and both were active and correlated well with 8-oxoguanine expression.
onclusion: These results demonstrate the selective decrease in the DNA base excision
epair pathway in combined reflux and methyl-n-amyl nitrosamine–induced squa-
ous cell cancer of the esophagus.
opulation-based studies in the Western Hemisphere have shown a steady and
rapid increase in the incidence of esophageal adenocarcinoma.1,2 At the sam
time, the incidence of esophageal squamous cell cancer has remained un-
hanged. The cause for this epidemic is still not clear, although some of the studies
ave suggested that the increase in esophageal adenocarcinoma might be related to
similar increase in the incidence of symptomatic gastroesophageal reflux disease
GERD) witnessed in the last few decades.3,4 Population studies have demonstrate
strong and causal relation between GERD and the risk of development of esophageal
ancer.3 GERD is known to lead to repeated inflammation of the esophageal m
ontinuing reflux injury to the esophageal mucosa can lead to the development of
etaplastic columnar epithelium. If the underlying reflux continues unabated, the
etaplastic Barrett’s epithelium is at risk of dysplasia and eventually malignantransformation. Several animal studies suggest that the gastroduodenal contents are
ascular Surgery ● January 2007
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G
TSnjurious to the esophageal mucosa and can lead to Barrett’s
etaplasia and progress to cancer.5-7
Chronic production of reactive oxygen species (ROS)
ight play an important role in the modulation of GERD-
ssociated esophageal mucosal injury.8,9 ROS, including
uperoxide radical, hydrogen peroxide, hydroxyl radical,
nd the peroxynitrite radical, play a critical role in the
athogenesis of GERD-mediated esophageal mucosal dam-
ge and can be mutagenic to esophageal mucosa.9,10
One of the most stable and deleterious products of oxi-
ative DNA damage is 8-oxo-7, 8-dihydro-2= deox-
guanosine (8-oxoG).11 Unrepaired 8-oxoG lesions in DN
an lead to A/8-oxoG mismatches during DNA replication
nd result in G:C¡T:A mutations.12,13 8-Oxoguanine DNA
lycosylase (OGG1) catalyses the removal of 8-oxoG
hrough the base excision repair (BER) pathway.14 In-
reased concentration of OGG1 is shown in various orga
nd tissues.14 There is some evidence that polymorphism
his gene might increase the risk of esophageal cancer15
The role of DNA damage and the BER pathway has not
een investigated directly in a progressive model of esoph-
geal squamous carcinoma and adenocarcinoma. However,
NA repair is an important way of developing therapeutic
esistance in cancer cells. Several of these proteins are
merging as therapeutic targets in chemoprevention.16,17
e report our results on BER pathway activity in an animal
odel of GERD, which can lead to esophageal cancer. We
ypothesize that the malignant transformation in the esoph-
geal mucosa is a result of chronic disparity between DNA
njury and repair induced because of GERD.
aterials and Methods
nimals received humane care in compliance with the “Guide for
are and use of Laboratory Animals” published by the National
esearch Council (National Academy Press, 1996). The Institu-
Abbreviations and Acronyms
AIF  apoptosis inducible factor
BER  base excision repair
DAB  diaminobenzamide tetrahydrochloride
GERD  gastroesophageal reflux disease
MNAN methyl-n-amyl nitrosamine
OGG1  8-oxoguanine DNA glycosylase
8-oxoG  8-oxo-7,8-dihydro-2= deoxyguanosine
PARP  poly (adenosine diphosphate–ribose)
polymerases
PBS  phosphate-buffered saline
ROS  reactive oxygen species
TUNEL terminal deoxynucleotidyl
transferase–mediated dUTP nick end
labelingional Animal Care and Use Committee approved all the proce- t
The Journal of Thoracures in this study. All procedures were performed under aseptic
onditions, and anesthesia was achieved with a combination of
etamine and acepromazine. Mixed gastroduodenal reflux (n 
20) was induced in 10-week-old, male Sprague Dawley rats,
200-250 g; Harlan, Indianapolis, Ind). The animals were allowed
weeks to acclimatize before the operation and were housed at a
emperature of 20°C to 22°C, a humidity of 70%, and a 12-hour
lternating light-dark cycle. The rats were fasted overnight but
llowed water ad libitum until the day of the operation. Briefly, the
sophagus was mobilized, preserving the vagus nerves, and anas-
omosed side to side to the first part of the duodenum immediately
istal to the pyloric sphincter. The anastomotic sutures were care-
ully placed a millimeter from the edge of the pyloric sphincter so
s to achieve duodenal, as well as gastric, reflux simultaneously in
he lower esophagus before neutralization of the gastric contents
an take place in the duodenum. Care was taken to preserve the
yloric sphincter and cardiac sphincter to maintain the integrity of
he stomach. Once the animals awoke, they were allowed water ad
ibitum. Feeding recommenced the following day. Animals re-
eived appropriate analgesia during the perioperative and postop-
rative periods. Another group undergoing operations (n  60)
eceived methyl-n-amyl nitrosamine (MNAN) injected intraperi-
oneally, 25 mg/kg body weight (lethal dose, 50% or median lethal
ose), for 4 doses administered each week for 4 weeks beginning
weeks after recovery from surgical intervention. Ten animals
erved as control animals that had undergone no operation or
NAN administration. The experiment concluded 30 weeks
ostoperatively.
arvesting of the Tumors
nimals were anesthetized as described before. Abdominal and
horacic viscera were exposed through a midline incision, and the
umor was assessed for size and extent. The esophagus was mo-
ilized from the neck down to the anastomosis. The tumors were
dentified and carefully dissected away from the liver and adjoin-
ng structures. The esophagus was opened longitudinally to expose
he lumen, and half of the esophagus was preserved in 10%
ormalin for histologic examination and another half in liquid
itrogen for immunoblot examination.
Histologic gradations were defined as follows.
Hyperproliferative esophagitis. A specimen was defined as
aving squamous hyperplasia when there was papillary elongation
r basal cell hyperplasia (normal,3 cell layers in thickness; mild,
-8 cell layers; moderate, 9-12 cell layers; severe,12 cell layers).
Papillomatosis. Papillomatosis was the term chosen to de-
cribe a common finding of basal cell hyperplasia, papillary elon-
ation, and hyperkeratosis. A squamous papilloma was diagnosed
hen there was a localized papillary proliferation of benign squa-
ous epithelium.
Columnar metaplasia (Barrett’s esophagus). Columnar meta-
lasia was defined as the presence of unequivocal columnar epi-
helium (intestinal-type goblet cells) above the anastomosis (con-
rmed by means of periodic acid–Schiff and Alcian Blue staining).
Dysplasia and malignant transformation. Diagnosis of dys-
lasia was based on the abnormal cell polarity, maturation, nuclear
typia, and mitotic figures. Tumors were defined on the basis of
alignant cells infiltrating the mucosa or basement membrane ofhe esophageal wall. Malignant transformation was graded as
ic and Cardiovascular Surgery ● Volume 133, Number 1 75
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G
TSarcinoma in situ and squamous cell carcinoma in tumors with a
ure squamous morphology; tumors with definite adenocarcino-
atous elements were classified as adenocarcinomas. Mucin se-
retion was confirmed on mucicarmine staining. A mixed element
f squamous and adenomatous features was classified as adeno-
quamous carcinoma.
etermination of DNA Damage
ormalin-fixed and paraffin-embedded sections were evaluated for
-oxoG with anti-8-oxoG antibody (Trevigen, Gaithersburg, Md),
s reported previously.18 Briefly, the slides were fixed and was
ith phosphate-buffered saline (PBS), pH 7.4, and incubated for
0 minutes at 37°C. The DNA was denatured by soaking the slides
n 4 N HCl for 7 minutes. After incubation with 50 mmol/L Tris
ase for 5 minutes at room temperature and 2 washings with PBS,
0% fetal bovine serum was added for 1 hour at room temperature
o block nonspecific staining sites. Next, slides were incubated
ith 3% H2O2 for 30 minutes at room temperature to block
ndogenous peroxidase. Thereafter, slides were incubated with
rimary anti-8-oxoG monoclonal antibody (diluted 1:100 in 10
mol/L Tris-HCl, pH 7.5, 10% serum) overnight at 4°C, rinsed
wice with PBS, and incubated with secondary anti-mouse anti-
ody (1:100) conjugated with 20 g/mL streptavidin–horseradish
eroxidase in 1 PBS for 1 hour at room temperature. After
taining with diaminobenzamide tetrahydrochloride (DAB; Dako
orp, Carpinteria, Calif) and counterstaining with methyl green,
lides were examined under a light microscope. The percentage
f cells staining positive for 8-oxoG was quantified as follows:
o. of positive cells⁄Total no. of cells 100%8oxoG () cells.
mmunohistochemical Staining
mmunohistochemical staining was performed to determine the
xpression and localization of the DNA repair enzyme OGG1 and
poptosis-related genes, such as apoptosis inducible factor (AIF),
oly (adenosine diphosphate–ribose) polymerases (PARP), cyto-
hrome C, and caspase-3. Tissues were dehydrated and embedded
n paraffin, and sections were cut to 5-m thickness. After samples
ere deparaffinized, blocked with 10% donor goat serum in PBS,
nd incubated with primary antibodies diluted in 10% donor goat
erum and 0.3% Triton-X 100 for 20 hours at 4°C, the primary
ntibodies were used at a dilution of 1:100 against OGG1, PARP,
IF, cytochrome C, or caspase-3, respectively. After endogenous
eroxidase activity was quenched by exposure of the slides to
.5% H2O2 in PBS for 15 minutes, the slides were washed in PBS
nd incubated with second antibody with horseradish peroxidase–
onjugated anti-rabbit IgG (diluted 1:100; Santa Cruz Biotechnol-
gy, Inc, California, Calif). Finally, the sections were stained with
AB (DAKO Corp) and counterstained with hematoxylin, mounted,
nd reviewed. Two trained independent observers reviewed the
ections without knowledge as to the respective groups from which
he tissue was harvested, and at least 10 sections were reviewed per
pecimen. The specificity of positive staining was further con-
rmed by means of substitution of donor rabbit serum instead of
rimary antiserum. The positive staining was assessed by means
f microscopic examination of the final slides and evaluated as to
he quantification of the degree of staining as 0 (no staining), 1
minimal intensity), 2 (mild intensity), 3 (moderate intensity), and
(maximal intensity), and the percentage of positive staining area s
6 The Journal of Thoracic and Cardiovascular Surgery ● Januan the entire section was examined (0% to 100%). The specificity
f positive staining was further confirmed by means of substitution
f normal rabbit serum instead of primary antiserum.
estern Blot Analysis
issue samples were homogenized in a lysis buffer (0.1 mol/L
aCl, 0.01 mol/L Tris-HCl [pH 7.5], 1 mmol/L ethylenediamine
etraacetic acid, and 1 g/mL aprotinin) and then centrifuged at
000g for 15 minutes at 4°C. Supernatants were used as protein
amples. Sodium dodecylsulfate–polyacrylamide gel electrophore-
is was performed by using 10% polyacrylamide gel under non-
educing conditions. Thirty micrograms of protein was separated
nd transferred to nitrocellulose membrane by means of electrob-
otting. After transfer, the membrane was blocked for 1 hour in
0% nonfat dry milk (Bio-Rad, Hercules, Calif) and 0.1%
ween-20 in PBS to block nonspecific binding, and then the
embranes were incubated with primary (1:500) and secondary
1:1000) antibodies. Detection was performed with the Enhanced
hemiluminescence kit (Amersham Pharmacia Biotech, Piscat-
way, NJ). Monoclonal antibodies against actin (Ab-6; Oncogene
esearch Products, Cambridge, Mass) were used as controls for
qual protein loading. Another membrane was stained without the
rimary antibody to ascertain specific binding of the antibody for
he protein.
erminal Deoxynucleotidyl Transferase–mediated
UTP Nick End Labeling Assay
he terminal deoxynucleotidyl transferase–mediated dUTP nick
nd labeling (TUNEL) assay was performed in esophageal sec-
ions from each rat, according to our previously reported meth18
y using an ApopTag in situ apoptosis detection kit (Oncor,
aithersburg, Md) to quantify the relative number of cells with
NA fragmentation. Briefly, after deparaffinizing the sections,
issue nuclei were stripped of proteins by means of incubation with
0 g/mL proteinase K for 10 minutes. After treatment with 0.3%
2O2 in distilled water for 5 minutes, the sections were incubated
ith terminal deoxynucleotidyl transferase buffer (Boehringer
annheim, Indianapolis, Ind), 30 mmol/L Tris (pH 7.2), 140
mol/L sodium cacodylate, and 1 mmol/L cobalt chloride con-
aining terminal deoxynucleotidyl transferase buffer enzyme (0.5
/mL, Boehringer Mannheim) and biotin-16-dUTP (0.04 mmol/L,
oehringer Mannheim) containing 30 mmol/L cobalt chloride in a
umidified chamber at 37°C for 120 minutes. The reaction was
erminated by incubating with 300 mmol/L NaCl and 30 mmol/L
odium citrate for 15 minutes at 25°C. After washing with 50
mol/L Tris-HCl (pH 7.7), sections were stained with DAB/H2O2
olution and counterstained with hematoxylin. After 3 washes in
ris-HCl (pH 7.7), sections were dehydrated in ascending ethanol
eries and immersed in xylene, and cover slips were mounted with
ermount (Biomeda, Foster City, Calif). TUNEL- positive and
UNEL-negative cells were counted to determine the percentage
f dead cells. Results are expressed as follows:
No. of TUNEL cells ⁄ Total no. of cells ⁄ Field 100.
tatistical Analysis
esults of all quantitative studies are expressed as means tandard error. Statistical comparisons within each group were
ry 2007
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G
TSerformed with analysis of variance for repeated measures, fol-
owed by the Fisher least-significant-difference test of repeated
easures when appropriate. Comparisons between groups were
erformed with factorial analysis of variance, followed by the
isher least-significant-difference test of repeated measures.
esults
total of 120 animals underwent surgical intervention,
alf (n  60) of which received MNAN. There were 20
eaths before the conclusion of the experiment. Most of
he causes for death were related to obstruction and
ronchopneumonia in the animals. A total of 15 animals
rom the reflux-only group had adenocarcinoma, and 19
nimals from the reflux with MNAN group had squamous
ell cancer. Both groups had stepwise progression of the
ancers through stages of esophagitis, Barrett’s esopha-
us, dysplasia, squamous hyperplasia, and adenocarci-
oma and squamous cell cancers. There were tumors with
denosquamous histology, which is typical of the rat
eflux model (Figure E1).
When the expression of 8-oxoG was examined in the
arying degrees of histologic severity, it showed a grad-
al increase as the lesions progressed toward cancerous
ifferentiation (Figure 1). It was upregulated several 
n adenocarcinoma and squamous cell cancers. Dysplas-
ic lesions had significantly higher staining for 8-oxoG
hen compared with Barrett’s and squamous premalig-
ant lesions, such as papillomatosis.
There was significantly more DNA damage in both
denocarcinoma and squamous cell cancers when com-
ared with that seen in control animals not undergoing
Figure 1. Staining score intensity for 8-oxo-7, 8-dih
progressed. ADC, Adenocarcinoma;SCC, squamous celperations in terms of 8-oxoG staining (Figure 1). Whenw
The Journal of ThoracGG1 staining density was compared between animals
ith adenocarcinoma and squamous cell cancers, the
ormer had increased staining compared with the latter
Figure 2).
Expression of OGG1 was increased in Barrett’s, Bar-
ett’s dysplasia, and adenocarcinoma, the latter with the
ighest staining intensity (Figure E2). The staining 
oth nuclear and perinuclear in nature. Squamous prema-
ignant lesions, such as papillomas, had an increased
taining compared with that seen in the normal esopha-
eal mucosa. However, the staining intensity was lower
n both squamous dysplasias and squamous cell cancers
Figure 2).
Staining scores for both caspase-dependent and
aspase-independent pathway markers was higher as the
esions progressed toward cancers (Figure 3). We u
mmunohistochemical staining for caspase-3, PARP,
IF, and cytochrome C to investigate the pathways in-
olved in apoptosis (Figures E3-E5); both mechanis
eem to be working in this malignant progression pro-
ess. Apoptosis found in the cells correlated well with
-oxoG staining.
Protein expression by means of Western blotting mir-
ored functionally the above immunohistochemical stain-
ng patterns, with downregulation of OGG1 in squamous
ell cancers when compared with adenocarcinoma (F
re 4). Caspase-3 was predominantly upregulated in 
nocarcinoma and squamous cell cancers. Western blot-
ing for AIF showed upregulation in Barrett’s, Barrett’s
ith dysplasia, carcinoma in situ, and adenocarcinoma. It
-2= deoxyguanine (8-oxoG) as the histologic grade
cer.ydro
l canas not expressed significantly in squamous dysplasia
ic and Cardiovascular Surgery ● Volume 133, Number 1 77
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G
TSut showed increased expression in squamous cell can-
er. The apoptotic marker PARP was significantly more
xpressed in squamous dysplasia and squamous cell
ancers.
Figure 2. Staining score intensity for 8-oxoguanine DNA
Adenocarcimona; SCC, squamous cell cancer.
Figure 3. Caspase-dependent and caspase-independe
histologic grades. ADC, Adenocarcimona; SCC, squamo
(adenosine diphosphate–ribose) polymerases.8 The Journal of Thoracic and Cardiovascular Surgery ● Januaiscussion
he significant finding from the current investigation is
hat GERD leads to progressive DNA damage. However,
he repair processes seem to be different among the 2
osylase (OGG1) as per varying histologic grades. ADC,
athway activity as per staining intensity in varying
ell cancer; AIF, apoptosis inducible factor; PARP, polyglycnt p
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G
TSistologic subtypes of esophageal cancer. We found that
he BER pathway is significantly downregulated in squa-
ous cell cancers as opposed to adenocarcinomas.
GERD can lead to production of ROS in esophageal
ucosa.19,20 Animal studies have demonstrated the m-
agenic potential of refluxate in an animal model
sophageal cancer.21 Oxidative stress has been shown 
lay an important role in the GERD-associated esop
eal cancer progression.10 Other studies suggest that a-
ioxidants are protective toward development of refl
sophagitis and might prevent malignant progression.22
Oxidative stress injury can lead to harmful DNA ad
ormation, of which 8-oxoG is the most stable and de
ious adduct.23 This has been shown to lead to mismatc
ase pairs by polymerases during the DNA replica
hase. If not repaired properly, it can lead to G:C¡T:A
ransversion. Different pathways undertake DNA repair and
re specific to the type of DNA damage.23 BER operates on
mall lesions, such as oxidized or reduced bases, frag-
ented adducts, or those produced by methylating agents.
he single damaged base is removed by base-specific DNA
lycosylases; for example, the exposure to ROS can lead to
-oxoG, and as described above, this is excised by OGG1.14
he abasic site is then restored by endonuclease ac
e moval of the sugar residue, DNA synthesis with the 
igure 4. A representative Western blot of protein expression for
-oxoguanine DNA glycosylase (OGG1), caspase-3 (Cas-3), apo-
tosis inducible factor (AIF), poly (adenosine diphosphate–ribose)
olymerases (PARP), and cytochrome C (Cyte-C) in histologic
esions produced in an esophageal cancer model in a rat. -Actin
s used for equal loading of the protein.trand as a template, and ligation. A reduced ability to 8
The Journal of Thorac-
r
xcise 8-oxoG can lead to accumulation of ROS-induced
utations.14
Association between the Ser326Cys polymorphism in
GG1 in patients with esophageal cancer from Linxian,
hina, found that homozygosity for the Cys/Cys genotype
ignificantly increased the risk of development of esopha-
eal squamous cell carcinoma.15 In another study polymo-
hism analysis in a white population with orolaryn
ancer when compared with control subjects showed an
ncreased risk for orolaryngeal cancer for both the hOGG1
26(Ser)/326(Cys) and hOGG1 326(Cys)/326(Cys) gen
ypes.24 A similar increased risk for lung cancer,14 colorec-
al cancer,25 stomach cancer,26 and prostate cancer27 has
een reported related to polymorphisms involving OGG1.
tudies from Mut-Y homologue and OGG1 knockout mice
uggest accumulation of 8-oxoG adducts and predisposit
o cancer in the aerodigestive tract.28 Urinary concentration
f 8-oxoG is reported to be 50 times higher in patients with
ancers when compared with that in control subjects.29
Antitumor action of several chemotherapeutic agents,
uch as platinum, is based on forming DNA adducts. Drug
esistance in cancer cells can develop because of the en-
anced DNA repair capacity through the DNA repair path-
ays. Several new therapeutic targets are emerging based
n the DNA repair genes to develop novel anticancer ther-
pies. Additionally, such genes might provide predictive
nd prognostic value in tumor biology.16,17,30
In the present study we found increased accumulation of
-oxoG adducts, as demonstrated by means of immunohis-
ochemistry, when the esophagus was subjected to chronic
astroduodenal reflux. This was reflected in the increased
xpression in Barrett’s and dysplastic Barrett’s. Subsequent
igh expression in an adenocarcinoma specimen might sug-
est that there is inadequate repair of this lesion, which
ight be responsible for malignant progression. Similar find-
ngs were observed in the squamous premalignant lesions,
quamous dysplasia, and squamous cell cancers of the
sophagus when subjected to MNAN treatment. The BER
athway was predominantly active in adenocarcinoma but
ot in squamous cell cancer. This is reflected in the in-
reased OGG1 activity in esophageal adenocarcinoma but
ot esophageal squamous cell cancer in this rat model. This
as important implications regarding identifying new che-
otherapeutic agents and assessing response to therapy.
he differential activation of the DNA repair mechanism in
he histologic subtypes of esophageal cancer might signify
ow a mutagenic signal is handled in the malignant progres-
ion of these cancers. Apoptosis in this progressive malig-
ant transformation model suggests that it is modulated
hrough both caspase-dependent and caspase-independent
athways. Our previous study investigating the role of Mut-Y
omologue, which is responsible for directly repairing the
-oxoG adduct through the mismatch repair pathway,
ic and Cardiovascular Surgery ● Volume 133, Number 1 79
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G
TShowed that Mut-Y homologue is increasingly exhausted in
issues subjected to chronic reflux-related esophageal injury
unpublished data). This might result because of the dispar-
ty between the ability to repair DNA damage and subse-
uent progression to cancer. The downregulation of the
ER pathway in squamous cell cancers might have been
ue to mutations in OGG1; however, in the present inves-
igation we did not study mutations in these genes. Alter-
ative repair mechanisms are known to act on 8-oxoG
dducts. For example, pol- cells are able to repair these
esions in the absence of OGG1 and are mediated through
ol-/	–mediated BER (long-patch BER) pathway.14
There are inherent limitations in the present investiga-
ions because we used an animal model. Caution needs to be
xercised while extrapolating results from this study to
uman disease processes. These models are based on by-
assing or excluding the stomach to achieve predominantly
iliary reflux. Models that bypass the stomach or are based
n gastrectomy to achieve esophagojejunal reflux include
nimals with severe nutritional deficiency and that have
een shown to develop no tumors in the presence of gastric
cid, which is contrary to a clinical scenario in which both
astric and biliary reflux is a common occurrence in GERD.
nother model using a side-to-side esophagoduodenal anas-
omosis is used in conjunction with iron administration.
owever, any direct evidence of the role of iron overload in
eflux-induced esophageal adenocarcinoma in human sub-
ects is lacking. Additionally, none of these models have
hus far reported any evidence of distant metastasis. We
ave addressed these concerns by achieving mixed gas-
roduodenal reflux in the lower esophagus, which mimics
he human situation. Tissue available for processing is lim-
ted because of the small size of the rat esophagus, limiting
arallel extensive experiments to be performed. Another
isadvantage of the model is the long duration needed to
roduce malignant changes, but this might be a reflection of
he malignant process itself, where there is a long latent
eriod between exposure to gastroduodenal contents and the
evelopment of esophageal cancer.
The present study raises important questions regarding
he role played by the BER pathway in reflux-induced and
arcinogen-treated cancers in an animal model. This path-
ay appears to be differentially upregulated in the histo-
ogic subtypes in rat esophageal cancer and might play an
mportant role in esophageal carcinogenesis in the rat.
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iscussion
r David R. Jones (Charlottesville, Va). Dr Bonde, that was a
ery nice presentation.
I have just 2 questions for you. Is the OGG1 downregulated in
ither acidic or basic conditions that are frequently associated with
he development of Barrett’s epithelial changes or adenocarcinoma
f the esophagus?
The Journal of ThoracDr Bonde. This particular model uses both gastric and duode-
al reflux—that is, both acidic and alkaline reflux—to create this
odel. Therefore it was downregulated in terms of squamous cell
ancers in both of them. However, we did not study the specific
ffect of the refluxate on the OGG1 expression in this current
tudy.
Dr Jones. There are some data that reversing the continued
nsult of acid and bile into the esophagus will actually cause the
arrett’s changes to regress. Do you have any data on the regres-
ion of the changes in the 8-oxoG levels if you were to reverse this
urgically created reflux model?
Dr Bonde. That is a very interesting question, and that is the
ne question that we would like to answer. It is known that the
-oxoG concentration is higher in patients with esophageal
ancer and in many cancers, particularly in the urine. We have
ice models now that are specifically OGG1 knockout models,
nd to try this model in those mice will be the next plausible
tep to see whether there is a decrease in the incidence of
arrett’s in those mice. However, there are other ways of
elivering this gene through gene therapy locally into the
sophagus and seeing whether treatment with OGG1 really
egresses the Barrett’s metaplasia in this model.
Dr Jones. Thank you. That was a very nice presentation.
Dr Bonde. Thank you.
ic and Cardiovascular Surgery ● Volume 133, Number 1 81
A representative high-magnification photomicrograph of
reflux showing hyperproliferative esophagitis in the rat
howing nuclear atypia, and a representative adenocar-
n showing squamous dysplasia, squamous cell cancer
ous lesion, which is common in surgically induced rat
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progressive lesions produced by reflux in the rat esopinducible factor (AIF) in the serial histologic progression
us cell cancer (SCC) in the rat reflux-induced tumor model.enosine diphosphate–ribose) polymerases (PARP) in the
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